. Each of these families has its strengths and limitations. However, using only one type of IFL family has made it difficult to secure useful properties, such as the ability to tune the work function over a broad range of energies, large conductivities, equally efficient hole and electron transfer and IFL stability.
Tang and colleagues have constructed IFLs using organic semiconductors called π-conjugated polymers, which allow efficient inter-and intramolecular charge transport to occur between the conductor and semiconductor materials 8 . Most π-conjugated polymers cannot transfer a large number of charged particles. However, the authors use a chemical doping process -the addition of either holes or electrons -to dramatically increase the density of charge carriers in the 'backbone' of these polymers and, in turn, their electrical conductivity (Fig. 1) .
In conventional doped polymers, the charge of the delocalized carriers in the backbone is balanced by molecular counterions (ions that have the opposite charge to that of the carriers). However, Tang and collaborators' polymers are self-compensated -the balance of charge is obtained intramolecularly owing to counterions that are chemically bonded to the polymer backbone by electrically insulating linkers. Such polymers, particularly holedoped ones, have long been studied 9 , and recent reports have extended the repertoire to electron-doped varieties 10 . The authors make the case for the unique properties of these poly mers and their broad applicability in a vast array of optoelectronic devices.
In Tang and colleagues' polymers, doping and self-compensation are achieved in two separate steps, potentially improving control of the level of doping and the purity of the resulting materials. Furthermore, this control can be achieved both in solution and in thin films, broadening the range of doping materials and polymer structures that could be used for IFL fabrication. The array of selfcompensated polymers includes hole-doped tri arylamine−fluorene copolymers that can provide ultra-high work functions (up to 5.8 electronvolts) and electron-doped naphthalene-bis(carboxyimide)−fluorene co polymers that can have ultra-low work functions (down to 3.0 eV). Such a wide range of values allows the transfer of charge between the conductor and semiconductor materials to be optimized.
In every multilayer optoelectronic device, chemical stability of the material components is of paramount importance for operational stability. This aspect is of even greater concern when using doped polymers, because ions can diffuse across the interfaces between layers, particularly in the presence of an electric field. However, Tang et al. show that, because the counterions in their self-compensated polymers are covalently bonded through the linkers, the diffusion of charge carriers and ions between layers is prevented. This molecular design is essential for achieving a stable concentration of the carriers (a constant doping density) across the entire thickness of the IFL film and across the interface between the IFL and the semiconductor. Tang and colleagues fabricate several devices in which standard IFL materials are replaced by their polymers, including thin-film transistors, solar cells, light-emitting diodes and photodiodes. The authors' realization of a bluelight-emitting diode is particularly impressive. Here, they use two self-compensated polymers (one electron-doped and one hole-doped) and a benchmark organic blue-light emitter (a polyfluorene) to achieve electric currents and energy-conversion efficiencies that surpass those of conventional IFLs using PEDOT:PSS and calcium -materials that have high and low work functions, respectively.
The results demonstrate the great potential of self-compensated polymers, and raise several technological challenges and scientific questions. From a chemistry perspective, it will be instructive to study the synthetic reproducibility and scale-up feasibility of these polymers -to check whether the doping level and ionic content can still be controlled, and how charge transport and the work function are affected. Furthermore, although the authors demonstrate the stability of their mater ials (and the work functions of these mater ials), they do not evaluate the stability of the devices incorporating their IFLs according to commercial standards. Such protocols are typically extremely demanding for use in commercial products.
Finally, an essential but unanswered question is whether self-compensation can result in electron-conducting polymers that have electrical conductivities and stabilities at ambient conditions that match those of current benchmark doped polymers such as PEDOT:PSS or polyaniline. However, despite the above-mentioned challenges, Tang and colleagues' work is a step on the path towards unconventional optoelectronics. ■ 
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Insect invasions and natural selection
Observations of a real-time invasion of Australia by Asian honeybees demonstrate how natural selection can allow a small founding population to overcome the genetic odds stacked against success.
A M R O Z AY E D
S ocial insects that live in colonies rank among the most notorious biological invaders. They have colonized almost all terrestrial ecosystems, threatening native faunas, domesticated livestock and human health 1 . Yet the success of social-insect invaders is paradoxical, because they have a sexdetermination system that gives rise to many sterile or inviable males in small founding populations, which lack genetic diversity 2 . Writing in Nature Ecology & Evolution, Gloag et al. 3 show how, during the early stages of an invasion of the Asian honeybee Apis cerana, the action of natural selection can lessen this sex-determination problem, allowing even the smallest founding populations to thrive. The authors also provide a powerful example of natural selection observed in real time during biological invasions.
Sex determination in bees, like that in most ants and wasps, is governed by the genetic make-up of a single, and usually highly variable, gene, called csd in honeybees 4 . Different versions of genes are called alleles. Haploid cells have one allele of each gene and diploid cells have two (these two alleles can be identical or different). In bees, unfertilized haploid eggs have a single csd allele and develop into haploid male bees. Fertilized, diploid eggs that have two different alleles of csd develop as female bees, which are workers or queens in honeybee colonies. However, under conditions in which there is limited genetic variation at csd, for example when the population is small, fertilized eggs can have two identical alleles of csd, thereby tricking the sex-determination machinery into producing a diploid male bee from a female-destined egg.
Diploid males are sterile or inviable in the vast majority of bee species studied so far 2 . In honeybees, diploid males are quickly cannibalized by workers 5 . By converting a fraction of female-destined eggs into sterile or inviable males, the production of diploid males slows the growth of bee colonies that require female workers to function. In small, isolated populations, the production of diploid males can cause colony mortality 6 and population extinction 7 . How do invasive social insects overcome this potential drawback of their unusual system of sex determination? To address this question, Gloag et al. tracked honey bee genetics during a nascent invasion of Australia by A. cerana over an eight-year period.
The authors speculated that a special form of natural selection, called balancing selection, would have a role in reducing imbalances in the frequency of csd alleles. This would, in turn, reduce the production of inviable diploid males in the invasive population. With balan cing selection, individuals that have rare csd alleles would be expected to have high fitness because they would be unlikely to mate with an individual that had the same allele -a mating that would result in the production of diploid male offspring (Fig. 1) Over the next six years, from 2009 to 2015, Gloag and colleagues found that the frequency of each of the seven csd alleles in the invasive population started to converge on an allele frequency of one-seventh, the theoretical frequency expected if balancing selection is assumed. By 2015, the authors estimated that one out of ten fertilized eggs developed into a diploid male, representing a 40% reduction in female mortality caused by diploid male production compared with the data from 2008 -this is a massive improvement in the fitness of the invasive population. Balancing selection at the csd gene has been indirectly inferred from studies of DNA-sequence change 9 in native honeybee populations, and Gloag and colleagues' work provides a direct observation of this form of selection in real time.
Diploid males are typically found in invasive populations of ants 10 , bees 11 and wasps 12 . The balancing selection at the csd gene documented by Gloag et al. might be a common process that enhances the success of socialinsect invasions by correcting imbalances in the frequency of csd alleles that occur during founding events.
Although balancing selection clearly increased the fitness of invasive Asian honeybees in Australia, it is not clear whether this evolutionary force was essential for the successful establishment of the invasion. The invasive population of A. cerana still increased in size despite the skewed allele frequencies at the csd gene during the early stages of the invasion. Social-insect invaders might have other attributes that predispose them to be successful biological invaders. The intrinsic growth rates of some social insects might be so high that even a 25% increase in female mortality -the amount estimated by Gloag and colleagues to occur in the initial stages of A. cerana's invasion -did not prevent population expansion.
Queen honeybees typically mate with 10-20 males, which spreads the consequences of diploid male production evenly across the invasive population; instead of some colonies producing a lot of diploid males, with others producing none, most colonies in the population would be expected to produce a moderate level of diploid males 13 . Moreover, honeybee colonies recoup some of the costs of producing diploid males when they are canni balized by workers. Perhaps the reduced genetic diversity found in invasive A. cerana reduces aggression between colonies as it does in invasive Argentine ants 14 
NANOSCIENCE
Flexible graphene strengthens friction
Previous observations showed that friction on graphene increases gradually when a probe starts to slide across the material's surface. Simulations now reveal that this effect is related to bending of the graphene sheet. See Letter p.541
A ST R I D S . D E W I J N
A s anyone who has slipped on wet autumn leaves might realize, friction in layered materials can behave in peculiar ways. Such friction can be studied on small scales by looking at graphene, a mater ial that consists of single sheets of carbon atoms. Experiments 1,2 performed a few years ago using atomic force microscopy (AFM) revealed that friction is larger when the number of stacked graphene sheets is smaller. Moreover, when a probe begins to move across the surface of stacked graphene sheets, friction initially increases and then levels off 2 . A wide range of suggestions has been proposed to explain these observations, but on page 541, Li et al. 3 solve the mystery using computer simulations. They report that graphene's strange behaviour is related to distortions that strengthen friction on thin stacks of sheets.
Friction is so common in our daily lives that we barely think about it. Humans have been forced to deal with it since prehistoric times: the wheel is essentially a device for reducing friction when moving heavy loads, and rubbing sticks together to make fire makes use of the fact that friction generates heat. We have therefore developed a massive amount of phenomenological knowledge of friction under specific circumstances, and especially of how to reduce it. But our fundamental understanding of how and why friction works is still sorely lacking.
Layered materials are a prime example of this knowledge gap. Some of them, such as graphite -stacked layers of graphene -and molybdenum disulfide are commonly used in powdered form as solid lubricants or as additives in liquid lubricants, and sometimes as low-friction coatings. We use these materials all the time, but are only now starting to understand their workings.
Graphene has received much attention in the past few years (see ref. 4 , for example), largely because of its remarkable electronic properties -research into this material was rewarded with the Nobel Prize in Physics in 2010. But it is graphene's mechanical properties that are interesting when considering its friction. Most importantly for Li and colleagues' results, single sheets of layered materials bend easily. Although it might seem obvious that such bending must have a role in the friction of thin stacks of graphene, many explanations for the role of bending were possible.
To understand Li and co-workers' results, we need to know what surfaces in contact look like. Real surfaces are rough on microscopic scales, even if they look flat to the naked eye.
